We have immunohistochemically investigated the occurrence of pi class glutathione S-transferase (GST-pi) both in normal rat liver and in rat liver regenerating after hepatectomy. We made our observations by examining frozen liver sections rather than the paraffin sections used in previous studies. First we examined normal liver tissue. Light microscopic examination revealed weak, discontinuous immunofluorescence along the hepatocellular plasma membranes, indicating the presence of GST-pi. Then, using immunoelectron microscopy, we detected immuno-reaction products along the bile canalicular plasma membranes, indicating the location of the GST-pi more precisely. On the second and third days after hepatectomy, as the liver was regenerating, we observed that both the immunofluorescence and the reaction products were much more intense and that the bile canaliculi were dilated as well. These observations indicate that in regenerating liver, GST-pi which is a cytosolic enzyme, concentrates in the cytosol of the hepatocytes directly under the bile canalicular plasma membranes. These observations are the first reported morphological confirmation of induced GST-pi in regenerating liver.
Introduction
Glutathione S-transferases (GSTs) are a family of multifunctional proteins that enzymatically catalyze the conjugation of glutathione with a large number of compounds including electrophilic reactive drugs, carcinogens, and metabolities. GSTs also bind a variety of nonsubstrate ligands as binding proteins1,2). The cytosolic mammalian GSTs have been divided into three species-independent classes: alpha, mu, and pi. Immunocrossreactivity has not been observed among these classes, even for the GSTs of a single species3,4). Pi class glutathione S-transferase (GST-pi) of rat is identical with the placental form of glutathione S-transferase (GST-P) and consists of subunits 7-7, also called subunits Yp-Yp or Yf-Yf3,5-7)
quently been reported not just for rat liver but also for other organs of other species including human, such as the uterine cervix, colon and brain12-16.
It is well known that the liver regenerates after partial hepatectomy. Hepatocytes proliferate vigorously in this condition, resembling in the neoplastic proliferation. A previous biochemical study revealed an increased level of GST-pi in those regenerating hepatocytes, although the level observed in the hepatocytes was not as high as that observed in preneoplastic and neoplastic lesion8). The analysis of the mechanism of liver cell proliferation after hepatectomy is very important, because this phenomenon may relate to the neoplastic proliferation of hepatocytes. The comparative study of GST-pi in these proliferating states will give a clue to control the generation of hepatic tumor. While the significant morphological manifestation of GST-pi in preneoplastic and neoplastic condition has been extensively reported, no sufficient morphological study on this enzyme has been established either in normal or in regenerating liver. To elucidate the concerning role of GST-pi in hepatocyte proliferation, we examined intracellular occurrence of GST-pi both in normal and regenerating rat hepatocytes, using immunohistochemical techniques.
Materials and Methods
(1) Treatment of animals Forty young adult male Wistar rats weighting 160g to 170g (from Saitama Experimental Animal Supply, Saitama, Japan) were used in our experiments. We performed our experiments in compliance with "Nippon Medical School Resolution on The Use of Animal in Research". The rats were divided into three groups: normal, sham-operated, and hepatectomized. The rats in the sham-operated group were anesthetized with ether and with intraperitoneal injections of pentobarbital sodium (30 mg/kg), only laparotomized and then sutured. The rats in the hepatectomized group were subjected to about 70% partial hepatectomy as described by Higgins and Anderson17) using the same anesthesia as for the sham-operated group. The rats in the sham-operated group and the hepatectomized group were sacrificed successively between one and seven days after the operations at intervals of 24 h. We fed all three groups of rats a standard diet with water and maintained them in a 12h-light-12h-dark cycle. After aortic exsanguination, we sacrificed them under deep ether anesthesia and immediately removed the liver for analysis. The extracted liver was then divided into three portions. We used the first and second portions for the light microscopic examination and the third portion for the electron microscopic examination.
(2) Light microscopic examination The first portion of the excised liver tissues was fixed with 5% neutralized formaldehyde and embedded in paraffin. Histologic sections were stained with hematoxylin and eosin. 
Light microscopic findings
On the sections stained with hematoxylin and eosin, we found hepatocellular vacuolar change and many mitoses for a few days after hepatectomy (Photo 2-a), which were not present in the normal rat liver (Photo 1-a in paraffin embedded section with H-E staining (Photo 3-a). After the fourth day we observed no significant difference among the livers from the three groups. We did not see significant change in the fluorescence of the biliary epithelial cells at any time.
Electron microscopic findings
In the normal and sham-operated groups, we observed weak immuno-reaction products along the bile canalicular plasma membranes and found the bile canaliculi to be abundantly filled with microvilli (Photo 4). In the hepatectomized group, we observed many dilated bile canaliculi on the second and third days after the hepatectomy, with a few microvilli in the canaliculi and strong immuno-reaction products along the bile canalicular plasma membranes (Photo 5). On the fourth day after the hepatectomy we could not see dilation of the canaliculi and saw only weak immuno-reaction products along the membranes (Photo 6).
Just as in our light microscopic examination, we found no significant differences among the three groups after the fourth day. These chronological data are summarized in Table 1 .
In the control sections that we incubated with a preimmune rabbit serum instead of anti-GST Yp rabbit serum, we saw no specific immunofluorescence and immuno-reaction products at any time. 
